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Coastal pollution of the Mediterranean
(UNEP/MAP, 2012; State of the Mediterranean 






















Geographical distribution of Posidonia oceanica (Michel, 2012; redrawn using data from Lipkin et al., 2003 ;
Procaccini et al., 2003; Boudouresque et al., 2006; Gobert et al., 2006; Meinesz et al., 2009). 1: Gibraltar; 2:
Almeria; 3: Oran; 4: Coasts of Syria, Israel and Lebanon; A: Rhone estuary; B: Po estuary; C: Nile estuary.
Posidonia oceanica distribution
Objectives
i. to assess, for the first time, the TE contamination in the
entire Mediterranean biomonitored with P. oceanica;
ii. to propose a new 5-level water quality scale;
iii. to calculate coastal water pollution indices from
bioaccumulated TE levels measured in that bioindicator;
iv. to produce, on the basis of these data, accurate maps of
the contamination of the Mediterranean by TEs.
Overall aim of this work:
to develop a holistic approach in order to provide
scientists, stakeholders and decision makers with a global













110 sites differing by their levels of exposure to contaminants sampled for P. oceanica.
P. oceanica compartmentalization
Left: P. oceanica shoots fixed on a plagiotropic rhizome. Right: (A) shoot of leaves on a plagiotropic




















































Maths and stats: monitoring 
 GIS mapping
 Principal component analysis
 Cluster analysis
 Correlation analysis
 Water quality scale
 Contamination indices:
• Trace Element Spatial Variation Index (TESVI)
• Trace Element Pollution Index (TEPI)


























































































































qu. 1 qu. 2 qu. 3 qu. 4
Quartile means
< 1st qu. mean : very low CL 
1st-2nd qu. mean: low CL
2nd-3rd qu. mean: medium CL
3rd-4th qu. mean: high CL









































































Maths and stats: pollution indices
 How to order and to compare TEs
according to the overall spatial variability
of their environmental levels through the
whole of a studied area ?
 How to compare global pollution levels in
TEs between several monitored sites ?
Maths and stats: pollution indices






• P. oceanica sampled in 18 
sites at 15 m depth in 
April 2007
• 19 TEs analysed by  
DRC-ICP-MS: Be, Al, V, 
Cr, Mn, Fe, Co, Ni, Cu, 
Zn, As, Se, Mo, Ag, Cd, 
Sn, Sb, Pb, Bi
Trace Element Spatial Variation Index (TESVI)
where:
• xmax and xmin are the maximum and minimum mean concentrations recorded
among the n sites,
• xi are mean concentrations recorded in each of the n sites,
• SD is the standard deviation of the weighted sum ∑(xmax/xi)/n.
The highest the index value, the more environmental levels
of a TE globally vary (punctual contaminations and overall coastal spatial
heterogeneity of TE levels taken into account) through the whole of the
studied area the index is applied to.
TESVI = [(xmax/xmin) / (∑(xmax/xi)/n)] * SD
Trace Element Spatial Variation Index
 How to order and to compare TEs according to the overall
spatial variability of their environmental levels through the whole

















Trace Element Spatial Variation Index (TESVI)
TESVI = [(xmax/xmin) / (∑(xmax/xi)/n)] * SD



























Trace Element Spatial Variation Index (TESVI)
TESVI = [(xmax/xmin) / (∑(xmax/xi)/n)] * SD
































TESVI values were listed in ascending order :








TESVI values were listed in ascending order :
Se, Ni, Mn, Co, Sb, Ag, Be, Cu, Cd, Fe, Pb, Cr, Sn, As, Al, Zn, Bi, Mo, V
*
highest xmax/xmin value * highest xmax/xmin value 
*
highest xmax/xmin value 
*
highest xmax/xmin value 
TESVI graphical representation
TESVI values were listed in ascending order :
Se, Ni, Mn, Co, Sb, Ag, Be, Cu, Cd, Fe, Pb, Cr, Sn, As, Al, Zn, Bi, Mo, V
TESVI graphical representation
Sampling





































How to compare global pollution levels in TEs between several
monitored sites ?
Trace Element Pollution Index (TEPI)
where:
• Cfn is the mean normalized concentration of the TE n in a given monitored site.
The highest the index value, the more the monitored site is globally
contaminated in TEs compared to the others.
TEPI = (Cf1 * Cf2 … Cfn)1/n, 
a weighted version of the Metal Pollution Index (MPI) of Usero et al. (1996, MPB) 






Be, Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Ag, Cd, 
Sn, Sb, Pb, Bi
Random list 5:
Sb, V, Sn, Se, Be, Pb, Ni, Mo, Mn, Fe, Cu, Cr, Co, Cd, Bi, 
Zn, As, Ag, Al
Mean normalization
P. oceanica















































Maths and stats: monitoring 
 GIS mapping
 Principal component analysis
 Cluster analysis
 Correlation analysis
 Water quality scale
 Contamination indices:
• Trace Element Spatial Variation Index (TESVI)








































Ag As Cd Cu Hg Ni Pb TEPI
Ag 1.000
As 0.204 1.000
Cd 0.291 -0.168 1.000
Cu 0.549 0.096 0.084 1.000
Hg 0.008 -0.074 -0.043 -0.047 1.000
Ni 0.464 0.178 0.625 0.425 0.006 1.000
Pb 0.294 0.252 0.110 0.261 -0.014 0.126 1.000
TEPI 0.777 0.512 0.383 0.539 0.132 0.686 0.518 1.000
Correlation matrix of parametric Pearson’s correlation coefficients and non-parametric Spearman’s rank correlation
coefficients between TE concentrations and TEPI values in P. oceanica. Correlations significant at p < 0.05 are in

























Dendrographic classification after cluster analysis of Ag, As, Cd, Cu, Hg, Ni and Pb concentrations measured in the



















HC by Cd, Ni; 
LC by As
HC by Ag, 
As, Pb
LC by TEs overall
TEPI values calculated from mean normalized Ag, As, Cd, Cu, Hg, Ni and Pb concentrations measured in
the blades of P. oceanica adult leaves. Sampling sites are sorted on the graph according to the

















































Sustainable coastal management requires the development of 
appropriate contamination classification systems. 
Combined utilization of several complementary monitoring  
tools: 
 water quality scale;
 pollution index (TEPI and TESVI);
 spatial analysis (PCA, CA, correlation analysis and GIS 
mapping).
In the Mediterranean:
 To assess TE contamination threats;
 To depict contamination gradients; 
 To monitor TE contamination at regional or local scales. 
Conclusion: to privilege such holistic approaches to accurately 
monitor the TE contamination rate of coastal waters and to transfer 
relevant information on this composite problem to environmental 
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